A study was carried out to assess the in situ production of microbial protein in outdoor experimental tanks for the culture of Oreochromis niloticus. This was compared with pelleted 30% protein diet. The results indicated that there was no significant difference in growth and nutrient utilization between the 30% protein pelleted diet and the diets in which the microbial protein was produced in the tanks at (P>0.05) Also analysis of the blood parameters did not give a significant difference in the values obtained for PCV, Hb, Wbc, MCHC, Lct, ESR and platelets at (P>0.05) between the control and the microbial protein produced in the experimental tanks
INTRODUCTION
The major challenge facing tilapia nutritionists in developing countries is the development of commercial cost effective fish feeds using locally available, cheap, and unconventional resources. Fishmeal is still generally the preferred protein source for use within compound aqua feeds for tilapia, because of its high nutritional quality and biological value to fish.
Nutrition is the most expensive component in intensive aquaculture industry where it represents over 50% of operating cost. Moreover, protein itself represents about 50% of feed cost in intensive culture.
One possibility of reducing the feed cost is to upgrade feed materials in the pond through the use of microbial protein synthesis (Oliva-Teles and Groncalves 2001; Olivera-Novoa et al 2002) . The proposal is therefore an in situ production and utilization of microbial proteins which is highly accessible to fish; thus short circuiting the high processing cost (Ansa and Jiya 2002; Li and Gatlin 2003) .
Under pond farming conditions, micro-organisms constitute a natural food organism for tilapia in the form of periphytic mats and detrital biomass with species such as Oreochromis niloticus being capable of directly filtering particulate matter and microorganisms from the water column (Avnimelech and Mokady 1986) . They also reported that O. aureus fed microbially produced Single cell protein (SCP) grew as well as fish fed a protein-rich pellet.
The heterotrophic food web as a source of feed for fish through microbial composition of organic residues added to the pond has been discussed earlier (Scheoder 1978; Avnimelech and Mokady 1986) . The central process in this heterotrophic food web is the production of Microbial protein or Single Cell Protein (SCP). One factor which favors the uptake by fish of microbial cells is the flocculation of these cells and formation of relatively large clusters (Avnimelech et al. 1989 ).
The application of haematological studies to investigation of animal and human disease process is well accepted and considered to be a routine procedure in diagnostic studies. There have been attempts to apply haematological parameters to study of abnormal physiological processes in fish.
The importance of fish haematology in dietary studies lie in the fact that internal physiological changes caused by dietary composition may be reflected in the blood characteristics of the cultured fish (Sanchez et al., 1979; Salami et al. 1992; Klinger et al., 1996; Akinwade 2004 ). Salami et al; (1992) and Akinwade et al., (2004) , considered the effects of nutrition in haematology parameters of C. gariepinus and H. bidorsalis respectively. There is a dearth of information on the influence of SCP on warm water fish species. However, there are a few reports on some temperate fish species (Le Ray et al; Greene and Selivonchick, 1990; Wise et al., 1993) .
The objective of this work is therefore to assess the growth response of O. niloticus to various microbial protein diets; determine the feed utilization and evaluate the effect of feed on blood parameters.
MATERIALS AND METHODS
The work was carried out in 20 outdoor plastic tanks in the Department of Biology, Rivers State University of Education, Rumuolumeni, Port Harcourt. The fingerlings were assigned randomly to the tanks at a stocking density of thirty (30) fish per tank, giving a total of six hundred (600) fingerlings.
The experimental tanks have dimensions of 52cm x 36cm x32cm.
The fingerling 3.0g initial body weights were obtained from the African Regional Aquaculture Centre (ARAC) in Aluu, near Port Harcourt, Rivers State, Nigeria. Before stocking, the fish, the plastic tanks were washed with tap water and dried to avoid the presence of contaminating organism and 3 / 4 filled with water. The fish was stocked and allowed to acclimate for four days. At the end of the acclimation period the fish were weighed in groups of (30) thirty into each plastic tank. The experimental design consisted of five treatments and four replicates making a total of twenty experimental units. A complete randomization design (CRD) was used to avert differences and variabilities in the treatments arising from environmental factors.
The experimental diets used in the research were as follows.
X A = 30% fishmeal pelleted diet (control) X B = 50% SCP substituted fishmeal diet X c = Poultry waste + wheat bran X D = Cow dung + wheat bran X E = Goat excreta + wheat bran Feed Preparation and Feeding Procedure: Diet X A was prepared as pelleted diet with 30% fishmeal. This diet served as the control.
Diet X B was formulated as 30% fishmeal diet in which 50% of the fish meal protein was substituted with yeast SCP. Diet X C consisted of 20% poultry waste and 80% wheat bran.
Diet X D consisted of 20% cow dung and 80% wheat bran Diet X E consisted of 20% goat excreta and 80% wheat bran.
The raw poultry waste, cow dung and goat excreta were obtained locally from local poultry farmers, the abatoire, and local goat rearers respectively all at Rumuolumeni near Port Harcourt. They were spread out on plastic trays and sun dried for two weeks. They were then milled with mortar and pestle into fine particles. This was then mixed with the wheat bran in the proportions earlier mentioned.
They were wrapped separately in different polyethylene bags.
Fish were fed daily on experimental diet at 3% of their body weight twice daily at 0900 hr and 1500 hrs. Feeding was done by hand; and the fish were fed 6 days in a week, and left to browse on the leftover feed on the seventh day. The feeding trial lasted for 8 weeks.
Growth and Feed Utilization Parameter:
The growth rate of fish fed with the experimental diets were expressed as changes in the average fish body weight and percentage weight gain during the experimental period. The percentage weight gain (PWG), the specific growth rate (SGR) and feed conversion ratio (FCR) for the fish feed were computed using the following expressions. Blood Collection and Analyses Procedure: Blood collection was done by cardiac puncture. This was done by introducing/inserting the needle of a syringe at the ventral part of the fish between the 'V' created by the opercular bones. Blood was drawn into the syringe and put into blood vials containing EDTA (anti coagulant). The blood so collected from each treatment was sent for analysis.
The following blood parameters were analysed; haemoglobin (Hb); Packed cell volume (PCV); White blood corpuscles (WBC) Mean corpuscular haemoglobin concentration (MCHC); leucocrit (LCT) Erythrocyte sedimentation rate (ESR) and Platelets. The haemoglobin (Hb) was analysed using the cyanmethahaemoglobin method, the PCV using an adaptation of the microhaematocrit method used in human haematology (Sniezko, 1960) , WBC was carried out by the use of Dacies fluid (Dacie and Lewis 1968) , and an improved Neubauer counting chamber (Haemocytometer); MCHC was analysed by the following relationship (Brown 1980) .
Haemoglobin x 100 Haematocrit or PCV 1
The leucocrit value was calculated as the volume of packed Leucocyte as a percentage of whole blood volume (Wedemeyer et al. 1984) . ESR was measured by an adaptation of the standard Wintrob method (using capillary tubes i.e., micro-Wintrobe method (Blaxhall and Daisley, 1973) .
For the platelets count the Ree and Ecker method (Brown 1980 ) was used.
Statistical Analysis:
The results obtained were subjected to analysis of variance tests based on Wahua (1999) Duncan Multiple range test was used to find significant differences between values
RESULTS
The percentage weight gain (PWG) in O. niloticus fed with the diets for eight weeks is given in Table I   Table 1 The analysis of the blood parameters in O. niloticus fed with the various diets is given in table 4. 
DISCUSSION
The percentage weight gain (PWG) did not give any significant difference between the various treatments at (P>0.05) although differences occurred on weekly basis (Table 1) . This is an indication that in situ production of single cell protein in the rearing tanks gave an equivalent weight gain as the control which consisted of fishmeal protein. Generally diet X B (which consist of 30% fishmeal in which 50% was substituted with SCP) gave a relatively lower PWG than the rest of the treatments. This may be attributable to the non-palatability of the SCP substituted diet.
The values of the specific growth rate did not differ significantly between treatments at (P>0.05) although generally low values were recorded for diet X B (Table  2 ). This may also be due to the non-acceptability of the diet as a result of palatability problems.
The feed conversion ratio (FCR) values did not show a significant difference between treatments at (P>0.05), Table 3 . However the goat excreta SCP gave a relatively higher FCR values throughout the experimental period. The above findings were in agreement with those of Avnimelech and Mokady (1986) who reported that O. aureus fed microbially, produced diet grew as well as those fed with proteinrich pellets.
The blood analysis namely the PCV, Hb, WBC, MCHC LCT ESR platelets did not show any significant difference (Table 4 ) between treatments at (P>0.05). This is an indication that the use of poultry waste, cow dung and goat excreta in combination with wheat bran for the in situ production of microbial protein in tilapia culture did not adversely affect the blood parameters as compared to the pelleted feeds.
It could therefore be inferred from the foregoing that dried poultry waste, cow dung and goat excreta in combination with wheat bran could generate microbial protein in fish pond where the wheat bran served as carbon source for the microbial flora in these wastes to multiply thereby producing single cell protein which served as food for O. niloticus fingerlings. It could be deduce from the result of the growth and nutrient utilization parameters in this work that the introduction of the wheat bran as carbon source in the fish pond may have been utilized by the resident microbial flora in the various organic wastes to multiply. Thus producing an heterotrophic food web in the fish tanks for the fish to feed. This is in line with the findings of (Shroeder 1978; Oliva-Teles and Groncalves 2001; Ansa and Jiya 2002) . The result of the haemalological parameter analysed goes to confirm that the use, of microbial protein in the experimental tanks did not adversely impact on blood parameters compared with the control.
CONCLUSION
It would therefore be concluded from the findings in this study that it is possible to reduce the use of expensive protein sources (such as fishmeal) with cheaper carbon and nitrogen sources (such as wheat bran and animal excreta respectively) in tilapia feed with growth equivalent to high protein pelleted feed. Tilapia Fish farmers could therefore reduce feed cost in their farms by the introduction of a cheap carbon source (such as wheat bran) and organic wastes e.g. poultry waste, cow dung to generate microbial protein in the pond on which O niloticus will rely as source of food.
